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Review of Six Seasons Work in Louisiana 
in Controlling the Sugar Cane Moth 
Borer by Field C_olonizations 
of Its Egg Parasite 
T richogramma minutum Riley 
By 
W. E. HINDS, Entomologist 
B. A. OSTERBERGER, As• istant Entomologist 
and 
A. L. DUGAS, Assistant in Entomology 
PREFACE 
The special study of methods for control of the sugar cane 
llloth borer (Diatraea aaccharalia F.) in Louisiana was begun by the 
senior autho1· in the summer of 1925 when an unusually severe 
~~tbreak of this borer caused the destruction of nearly one-third of 
e total crop in this State. At this time it was noted that a large r0 Portion of the borer eggs were parasitized during August and 
6 eptember (an average parasitism of 87.5 '7o was found on October ) · What this average parasitism condition had been through the 
ear Ji R· er part of t he season was not known. Trichogramma minutum 
iley is the only borer egg parasite of importance in Louisiana. 
b Rather full statements regarding the original efforts at mass 
t~eeding of Trichogramma and the methods employed were given at 
\' e IVth International Congress of Entomology held at Ithaca, New 
(~rk, i~ 1928, and are printed in the Transactions of that meeting. 
d ee Bibi. 1, 2, 3, 4). Such information need not be repeated but it 
b 0~8 seem advisable at this time to bring together in one paper a 
wrief review of the results of the field work which has been under 
Pay since the spring of 1927 in various attempts to determine the 
0;actical possibilities, costs and benefits in reducing the populations ~ugar cane moth borers, especially Diatraea aaccharalia F. 
\\>hieh ·~ho writers desire to acknowledge especially the very va luable nssistance 
Assist as ~een given in the dev elopment ot thi s work by Mr. W. G. Taggart, 
Snenceant Director, in charge of Sugar Cane Investigations, and by Dr. H erbert 
C. o J' foi;mcrly associate Entomologist from October 1925 to October 1980. Mr. 
ing ~orkllkins gave va luable assistance during the enrly portion of parasite breed-
inforrnat: Mr. E. C. Simon, Assistant in Sugnr Cane Work, has also given valuable 
ion and s uggestions. 
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GENERAL CONDITIONS 
In Louisiana sugar cane is grown under sub-tropical conditions. 
Cane is planted in the fall mainly. All sprouts are usually killed back 
to the ground by frosts and light freezes which may occur occasion-
ally from about the latter part of November until after the first of 
March. The real growing period of the crop rarely exceeds nine 
months. The sugar cane borer shows a definite hibernation habit and 
passes the winter only in the larval stage sheltered within the stalks 
of its various host plants. The borer reproduction for each season 
starts with the mating and oviposition by moths developed from the 
hibernated larvae which do not pupate as a rule until after cane 
growth has gotten fairly well started in the spring. There are gen· 
erally five generations per season and the last generation enters 
hibernation. Egg }aying ceases usua11y by, or before, the first of 
November and no fresh borer eggs ever occur in cane fields from the 
time of the first killing frosts in fall until after sprouting has well 
started in the spring. In the main cane growing areas cane borer 
eggs unquestionably constitute the principal host supply for Tricho· 
gramma during the entire season. 
The sub-tropical winter conditions and the scarcity of favorable 
host eggs during that period deplete abruptly the stock of Trich0 • 
gramma existing in every cane field in Louisiana. There are no al· 
ternate host eggs present and apparently Trichogramma can survive 
the winter only through retarded development in some host egg. This 
developmental period has been found to be as short as seven daY5 
in summer under most favorable conditions, but in experimental work 
has been extended over six weeks in the field . under Louisiana winter 
conditions. Development in and emergence from host eggs will occur 
at any season with the temperature above 52 or 53• F. Trichogramma 
oviposition may occur in the field, if favorable host eggs are available, 
at any time that temperature exceeds 58 to G0° F. and such tempera· 
ture conditions occur very commonly in Louisiana during our winter 
period. There must be a favorable coincidence of at least th1·ee fac· 
tors including host egg supply in some numbers, temperatures favor· 
able for Trichogramma adult activity and opportunity for mating 
(as unfertilized Trichogramma eggs produce only males) to enable 
reproduction to continue through the winter and survival to occur· 
For these reasons the survival of Trichogramma is possible each win· 
ter, but occurs in very limited numbers and the distribution of these 
wasps in the spring is exceedingly irregular and does not includ~ 
all fields until late in August. Every spring our first finding 0 
Trichogramma breeding in the field has been in garden areas around 
buildings and particularly in the southern portion of the Cane Belt 
alose to the Gulf Coast. During the extremely mild winter of 1931d 
1932, we captured a few specimens of Trichogramma as adults aroun 
evergreen shrubbery during January and February, 1932, at Baton 
Rouge. But no specimen has ever been taken in a cane field during 
the winter season. 
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MASS BREEDING AND FIELD COLONIZATION BEGUN 
In the work of 1927, with only limited field colonizations, there 
Was a clear indication of benefit in the results, (1-See Bibliogra-
phy,) 
. ~t was found that the natural distribution of Trichogramma in 
fields of corn and cane was quite variable ·at any given date and was 
not at all closely proportional to host egg dem:ity, and t hat some fields 
showed very few parasites even late in August and after borer in-
festation had developed very rapidly, unrestricted by egg parasit ism, 
and a serious degree of damage had been done to the cane crops. The 
0PPortunity for colonization, therefore, extends through a period of 
at least three months in t his State. This amounts to the latter half 
~·f the growing period of the corn and to the middle third of the en-
ire growing period of the crop of cane. 
TRICHOGRAMMA COLONIZATION RESULTS, 1927 
At Cinclare Central, located across the Mississippi River from 
t
2
he Louisiana Experiment Station at Baton Rouge. All cane P. 0. J. 
34 Plant. 
Location or areas: 
Cut 1-A field of 6 acres in which 94,000 parasites were liber-
~t.ed June 9 to July 14, 1927, was located back from the Mississippi 
ive1· front about 1 / 3 mile. 
Cut 2 was adjacent to Cut 1 and immediately North the1·eof. 
Total area of Cuts 1 and 2 together was 11 acres. 
f Cuts 3 and 4, considered together as checks, were located South 
0 
the Sugar Factory and Oil Mill area, at least 14 mile !rom the 
nearest point on Cut 1 and extending to % mile distant. Cut 4 was 
a ~iver front cut and Cut 3 was immediately West thereof. Combined 
area of Cuts 3 and 4 was 30 acres. 
f' No Trichogramma were fo und in any of these cuts befor e t he 
t~rst rel~ase was made in Cut 1 on June 9, a lthough borer eggs were 
en qmte abunda,at in all cuts. 
Table 
~raea E ggs P aras itfzed by Trichogramma in T esta at Cinclare, La., 1927 
Colonized Adjacent Chk. 500 Yds. S. E . Chk . 1000 Yds. 
Cut 1 Cut 2 Cuts S. E.Cut4 
llate Total % Total % Total % T otal % 1927 
--
eggs partz 'd eggs pnrtz'd eggs pnrtz'd eggs partz'd 
6/ 23 993 2.1 784 2.8 1,018 0 494 e 6/ 2s 
7/ 6 2458
 2.1 758 0.2 424 0 
7/16 88
6 12.3 986 2.4 79(1 2.4 467 0 
9/ 20 98
3 7.4 641 80.5 701 I 3.1 1438 8.S 
4928 97 .7 • 92,874 86.8 .. 
10,19 8 3169 95,8 13 2399 
(- 18,367---) (----98,212 ) 
--
Total eggs examined 111, 579 
. 
•• ¢v~rage of cuts 1 and 2. 
d htis is total and average % Trichogramma on a ll uncolonized areas at this 
a e. 
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the fields shortly before the wasps emerged and ant predators were 
found to be destroying many of the parasitized eggs before the wasps 
emerged. Both Solonopsis geminata, t he fire ant, and lrridomyrmei< 
humilis, the Argentine ant, have been observed in t he act of eating 
Trichogra mma parasitized host eggs before the wasps emerged. It 
was foun d that it was better to liberate wasps in small numbers on 
successive dates t han to release very large numbers within a small 
area when the host egg supply was likely to be too small to maintain 
them. 
SEASON OF 1929, (6) 
In the work of 1929, a marked improvement was made in re· 
lease methods by holding the egg sheets in petri dishes in t he labora· 
tory until t he major portion of t he wasps had emerged and mated. 
The adults were then released in the fields in active condition and 
under favorable climatic conditions. They were therefore ready to 
start their beneficial work at once and with the prospect of produc· 
ing a maximum proportion of female offsp1·ing. The release was 
m,ade by opening the dish slight ly · and a llowing the wasps to fly awaY 
while the distributor walked rapidly along t he rows. The egg sheets 
were retained in the dishes and later emerging wasps were released 
accordingly. 
Table V 
Results of Field Co1onizations of Trichog ramma Minutum, 1929 
Colonized Exam"cl % Eggs paras itized Location, La. Date Co lonized Date Approx. no. hecks 
Baton Rou ge 4/ 12 0 0 
(La. Su11:ar Station) 4/ 29 0 0 
6/ 4- 6 175,000 
6 / 17 15,000 6 / 13- 18 0 18 
7 /3-22 130,000 7 / 15 25 
8/10 0 9.9 
8 / 12 178,000 
8/28 29.7 25. l 
9/ 11 71.1 62 .8 
Cinclare 4 / 19 0 0 
(7 cuts 5/ 28 100,000 5 / 28 0 0 
.Cron ting 6/ 11- 12 23,000 6 / 11 0 29.0 
Miss . lti ver) 6 / 24 10 5,0 00 6 / 12 0 84 
7/22- 23 1. 5 s o 
7/30 2.6 74,6 
8 / 14 280,000 8/14 19.1 oo.s 
8/27 19.5 94 .S 
9/18 39.8 96.4 
Cinclare (at R.R. ) 7 / 30 5.0 o.o 
8/ 2 85,000 
8/27 19 .5 68.8 
Cinclare (Seecl cuts) 8/ 10 150,000 8/2 5.0 0 
8/27 19.5 so.7 
9/ 13 89.8 72.0 
J~anerette 7/ 3 15,000 
8/2 24.7 87.8 
8/14 27 .8 99.7 
9 / 11 92 .7 97.0 
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At J eanerette t he colonized field reached practically the "peak 
of Parasitization" within one month and this peak was attained about 
siic weeks earlier in the season than it occurred in the uncolonized 
check area. The general avemge percentage of eggs parasitized in 
all fields colonized from June 4 to August 10 was 68.5 % during the 
collections made from August 10 to 20, while t he average found from 
natural parasitism in 30 uncolonized areas, among over 5,000 eggs 
Collected August 12-19, was 37 %. This shows an average increase in ~araaitism of 31.5 % at this mid-season period in favor of the colon-~ed areas. The peak of parasitism for this season was reached in 
eptember with from 90 to 99.7 % of eggs being then destroyed in 
lltany colonized fields while 92. 7 % was the maximum found in any 
uncolonized area. 
In the colonizations made in 1929 at Cinclare, in P. 0. J. 234, 
first stubble, the records for colonized and check areas as shown 
for "7 cuts fronting the Mississippi River" are of special significance. 
'l'wo Years before (1027) on similar front cuts and with the same 
variety of cane (but newly planted) a heavy borer infestation devel-
0Ped early in the season and continued under natural parasitism con-d'f 1 ions throughout the season. At harvest time this area, (the same ~s River front check referred to in Tables 1 and 2), produced with 
· 0. J . 234 plant cane a yield of only 14. 75 tons average per acre 
: ere 25 tons was expected and a suc1·ose average of only 8.0% 
23 ere about 13 % was expected. In the colonized 7 cuts of P. 0. J. ~ stubble fronting the Mississippi River in 1929, with a similar se~ious borer infestation on July l of each year, the Trichogramma ~.0 0nization averaging 22,800 per acre, so checked borer rnultiplica-~~n that a practically full crop of 19.12 tons per acre was secured 
a ere the normal expectation was approximately 20 tons. The sucrose 
PVerage was 12.85 % where a normal of about 13 % would be ex-
ected. The comparisons show most clearly in tabular form. 
c Table VI 
ornparison of Cane Yields , etc., with P . 0. J . 234 Cane Only, 1927 vs. 1929 ~ Front Cuts vs. Planta tion Average for Same Variety 
'Year Plant . h Crop harvested Sucrose% or Tr1c . 
stub. parasitism To~c"r~er t;re~~~~ ~;;:'; ~.J:~;~~ ~-------------------~ 1929 Plant Natural 14.75 25 8.0 13.Q ~Stub. Colonized 19.12 20 12.85 18.0 
ar A ~urther detailed analysis of the infestation data for these 
is eas ~s they occurred at about the middle of October of each year 
of significance. 
Table VII 
~nalyais of Infestation Data in Cinclare Front ~ 1927 vs. 1929 
Ye No. Total toi~~~ __ J _oi_n_ts_b_o_r_e_d ____ E_y_es bor~o/o Tops 
ar Stalks join ts per % of % ot . dead 
exam l11ed No. stalk No. Total No. Total in Oct. i"927---~~-------------------------~ 1929 500 6230 12 .5 4174 67.0 1560 25 43 ~~96 14.14 220 8 22.8 862 8.7 5 
It should be noted that t he differences shown above in Tables 6 
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I 
In the work of 1931 we found that the determination of the 
iber of moth emergence holes per acre" is really one of the most 
ficant and dependable indices for making comparisons in degrees 
)rer infestation between different fields. Emergence holes are 
v seen and counted after the cane is cut as for the mill. This is 
17 accumulative record of the actual number of borer larvE>s 
iing full development during the current growing season, in the 
harvested, and may be considered also as "moths produced." It 
not include the moths produced from stalks killed very early in 
ieason or from young sprouts which died during the growing 
m; nor does it show the larval population then present in the 
3 or top trash and which is then entering hibernation. This hiber-
1g population can be found and compared independently by 
ng up representative samples of stalk and tops. Nevertheless, we 
ve that the record of emergence holes is very significant. 
The figures found for various groups of fields in 1931 are shown 
;\bles 9 and 10 following: 
Table IX 
Cane Stands and Bo1·er Moth Population per Acre ln Millable Cane 
South Louisiana, 1931 
Type re 
colonization 
~olonized 6/ 13-8 / 15 
\d jacent 
Jncolonized med. infested 
Jncolonized heav ily infested 
Computed 
av er. stand 
per acre 
no. stalks 
27,480 
26,640 
29,760 
27,720 
Table X 
Moth Population 
Aver. no. 
sta lks per l 
e me rg. hole 
6.21 
5.41 
3.96 
1.99 
Aver. no. 
moths 
per acre 
4,425 
4,924 
7,515 
13,930 
1traea Infes tation as Shown by per cent of Joints Showing 1 or more Borer 
urrows at Harvest Tinte, South Louisiana, 1931. Average of All Varieties 
Type of fie ld No. of % of joints fields bored 
,ized 9 37.2 
:ent 32.2 
·otals for ''protected" areas 18 35.0 
Ioni zed checks 10 50.8 
Ionized heavily infested 7 57 .8 
otals, "naturally parasitized" areas 17 '53.5 
Taking all of the 1931 records into consideration, we are con-
ed that the field colonization of from 5,000 to 6;000 egg parasites 
acre at a favorable time was effective in preventing from one-
l to one-half of the actual borer damage which would have been 
cted had no such field colonization work been done. This benefit 
secured at an average cost of about $1. 00 per acre. 
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. BORER CONTROL TESTS OF 1932 
~he g 
r 193~nera] plan for the work for 1932 followed very closely 
1ed i 'except that somewhat smaller numbers of parasites were 
n, a~ the colonized areas, averaging about 6000 per acre this 
·eleas Practically only one release was made for the season. 
'or sees Were made principally at the time that eggs were being 
I of h cond or thfrd generations. Many colonies · were placed in 
:heck eavi]y borer infested corn closely adjacent to cane· fields 
siniiJ a~eas of both corn and cane were chosen. The cane checks 
.tion ~ Y exposed to borers coming from corn but with no para-
hecko borer eggs except that occurring naturally. In every case 
are bJe 11,th as were carefully selected to be as fully comparable as 
'. two 
1 
the colonized and adjacen.t areas as an average, the 
initial ;r~up~ being considered together as "protected" areas. 
l but 0~er infestation in June was higher in corn than in cane 
,din varied little in the average of all corn or cane areas in-
each group of "colonized,'' "adjacent" and "checks." 
Rorer . 
lizationegg collections were made in all test areas before any 
finite t' and every three weeks thereafter until September 10. 
11lle de line tinit for egg collection in each area was used so that t 'f:heg·re~ the abundance of borer egg batches might be com-
intihilitle 18 known to be a very considerable variation in the 
i cane ~ of different varieties of sugar can e to attack by the 
·~of the orer. Therefore comparisons were made only between 
10us er sa~e variety and planting date, or age of cane, and with 
1 delibe~PPing history uniform in each case . In a number of !l~ for sate selection was made of locations which we had watched 
·
1arty veeveraJ seasons and had known, therefore, that these were 
1
1 e~ceea~ heavy infested areas where the damage to cane had 
; nonut~~gly heavy for several seasons past. Furthermore the 
!a2 \\>as ion known to occur in these areas early in the spring •~e het~xceptionally high. In these cases test comparisons could sting of een colonizations at one side of a long stretch · of· cane 1~h hut whse~eral cuts, with checks at the opposite side of the ji s found ere the exposure to borer infestation was similar. The 
~Ularty st~ ~he end of the season in several such instances are 
1 Ult kno ~tking and convincing when considered in detail and l unon a~ edge of the situation in each case. Rather t han to de-
eons Dl·ill1 e~ such striking instances, we prefer to base our con-
• %llibe:rily upon the accumulated mass of data secured from a l %ct in Pl of f~elds representing a wide range in varieties of 
Oi8Urety w~ntation practice. We believe that this basis indicates 
1 !ation wo:t ~he average planter may reasonably expect where ~l k is done properly. 
So th· 
ea is se ~lg large se ~son we have been able to make some records on 
it~ and Pl rie~ of fields where the work was done by county 
lo lation ~ntation men rather than by members of the Experi-
·ea 0~r in:t aff. . In these cases where the wo1·k was done accord-
Se tn Pa r~c~ions and at the proper time their results in the 
rasit1srn, reduction in borer infestation and increase in 
- 13 -
yield and in sugar content of cane in colonized areas as compared 
with their own checks, have been practically parallel with those 
obtained in our own series of experiments. 
PROGRESS OF PARASITISM IN "COLONIZED," "ADJACENT" 
AND "CHECK" AREAS, IN 1932 
Altogether we have examined under microscopes more than 
400,000 borer eggs during the season to determine the progress of 
borer infestation and Trichoirramma parasitism in various areas. 
The first series of colonizations was made in South Louisiana 
June 13-17 and included 20 fields of corn and 8 of cane at that time. 
The primary purpose in colonizing in these fields of corn was to 
develop as rapidly as possible a large local center for the develop-
ment of Trichoirramma from which the wasps might spread later into 
nearby fields of cane. We shall consider first the progress of para-
sitism in two groups of corn fields. In these the borer infestation 
and natural parasitism were, on the average, very similar before the 
time of colonization in one group. 
Table XI 
Procreu in Trichocramma Paraaltlam In Colonized and Check Flelda of Early Corn, 1932. (The percentacea elven are Weichted averacea) 
No. ot Weighted averages % 
fields Test Coll. Coll. Coll. averaged 6/ lS-17 7/ 1-9 7 / 25-SO 
8 Check 17 .4 36.4 53.5 
11 Colonized 16.8 72.7 82.8 
In the check corn fields the natural parasitism was slightly 
higher at the start than in the colonized. During the next six weeks 
natural parasitism in check areas increased three-fold, while in the 
colonized areas, with the addition of about 6000 parasites per acre 
there was an increase to five-fold. The foregoing differences are 
shown graphically in Fig. 1. 
Fisure 1 
Progress in Trichosramma parasitism 
in corn, 1932. 
80 
60 
53.5 
40 
1 2 
CollectionPeriods 
1June13-17 
2 July 1-9 
3 July 25-30 
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Naturally as the corn fields matured at about the latter part of 
July or early in August, both borer moths and parasites spread fro!ll 
these areas for a very considerable distance. The colonized corn 
fields inust necessarily be dropped from consideration thereafter but 
the beneficial effects of colonizing these corn areas are shown strik· 
ingly in the very rapid increase of parasitism and the very highlY 
effective control of the borer shown in the fields of cane adjacent to 
the colonized. cot-TI : (See graph, Fig. 2, Page 21.) 
Under average cond.itions of natural parasitism, cane growers 
well know t hat there is very grave danger of serious damage to 
cane grown closely adjacent to fields of early maturing corn. It is 
quite contrary to usual experience to have such adjacent cane fields 
less damaged by borer at the end of the season than similar fields 
grown at a distance from the corn areas. 
The late season establishment of Trichogramma in many c;9lle 
fields was shown by observations made at Plaquemine between Jul1 
26 and August 9. There on 8 planations, in an examination of soJl'le 
24 fields of cane, no parasitism whatever was found in 6 fields aid 
though borer eggs were abundant in some of them. Fourteen show0 
a parasitism of less than 20 % with an average of 5.8 percent. The 
maximum found in one of these 24 naturally parasitized fields w!l~ 
69 % , while it happens that in an average of 22 colonized fields 0d 
cane in South Louisiana at the same period 69.4 % of borer eggs h110 
been parasitized. It would appear that the chances were at least 2 ' 
to 1 in favor of the parasitism in colonized areas reaching as high 11
5 
69 17. by the first of August, as compared with parasitism natur!l!IY 
developed. 
PARASITISM 
Summary of 1932 Records by Localities and by Fields 
In the tables following, ~e give the briefest possible staternent 
of the 1932 tests by individual fie lds, showing the progress of p11r9• 
sitism, the conditioa of borer infestation in the millable stalks (re· ! 
cords based on examinations of groups of 25 stalks in each of four 
representative locations to give a fair average for the field) and the 
number of moths produced in each fie ld , per 100 stalks of miJl!lble 
cane. 
·ch 
These records do not show the proportion of total stalks wh1• 
are unmillable and the average proportion of unmillable stalk:i 
111 
each variety which have died, or have been destroyed, by borer wotlC· 
These are factors of importance a lso, as we now see it, and r\ata oil 
these points are given later. 
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Diatraea Egg Parasitism, Stalk Infestation and Moth Population 
Summary of Observations in Southern Cane Sections 
1932 
Table XII La. Experiment Station Tests 
% Eggs parasitized Stalks Infestation 9 /15~9/23 
6/13 7/1 7/25 8/15 9/6 No. %. % Jts. No. 
Av: No. Av.No. 
Locality, La. Field to to to to to ernerg'd Stalks Crop 6 / 17 7/9 7/30 8 / 24 9/10 counted Bored bored holes per 1 moths E.H. per A. 
Shadyside No. 1---Col. Corn 34.7 27.2 79.0 Harvested 
" No. 3_ . __ Col. Cdrn . 1.6 60.4 90.8 Ha,rvested 
No. 5.----Check Corn 4.0 4.5 32.2 Harvested 
No. 2---- Adj. 213 s. 0.0 0.0 3.6 82.5 92.8 100 81.0 18.5 12 8.3 2,581 No. 4 _ _ ___ Adi. 213 P. 0.0 0.0 0.0 77.7 85.3 100 66.0 10.1 8 33.3 '62.5 
No. 6- - --· Check 213 s. o.o o.o o.o 33.5 74.0 100 92.0 25.2 18 5.5 4,132 No. 7 ____ Check 213 P. 29.9 52.9 100 95.0 28.2 "18 5.5 3,686 ... 
... 
Corn 74.3 Harvested Germania No. l _ _ __ Col. 24.0 
" No. 5 _____ Check Corn 7.6 0.0 Harvested 
No. 3 ____ _ _ Col. 213 s. o.o 76.6 90.9 100 69.0 16.0 10 10.0 2,67.8 
No. 2--- - Adj. 234 s. 0.0 0.0 8'7.5 76.4 81.7 100 41.0 6.0 1 100.0 214 No. 4 _____ Check 213 s. o.o 21.0 '1.0 100 92.0 23.3 17 5.9 3,973 
Centerville No. 1---- Col. Corn 17.7 40.0 51.5 Harvested 
" No. S---·· Check Corn 17.0 4.8 5.7 Harvested 
No. 2---Adi. 213 s. 0.0 9.0 61.5 81.7 97.6 100 68.0 17.8 17 5.9 4,755 No. 4 _ __ Check 213 s. 50.7 · 66 .1 100 84.0 21.3 36 2.8 9,236 
Miria No. 1. ... - - Col. Corn 27.5 34.4 82.3 Harvested 
" No. 3 _______ Check Corn 49 .9 36.1 78.3 Harvested 
.. No. z_ _____ Adj. 213 s. 0.0 0.0 68.6 72.3 79.3 100 57.0 9.0 6 16.6 1,658 No. 4 _________ Check 213 s. 0.0 0.4 50.2 37.6 100 95.0 26.4 IS 7.7 2,951 
Maryland No. 3-----· Col. Corn 2.1 73.5 85.8 Harvested 
" No. 1 ____ Col. 213 P. 5.4 37.0 68.4 88.4 99.4 100 76.0 15.8 4 25.0 . ·.1,363 No. 4 ____ Adi. 213 s. 6.5 0.0 32.7 76.9 92.6 100 69.0 13.5 6 16.6 2,063 No. 2 _____ Check 213 P. o.o 25.0 27.1 60.0 49.0 100 88.0 35.8 36 2.8 12,173 
.. 
00 
Table XII (Continued) 
Localit y, La. Field 
Sterling No. l Ool. 
" No. a Ool. 
No.'----- Ool. 
No. Ii Adi. 
No. 6 Adj. No. 2 _____ Cheek 
No. 7 . Check 
McCardell No. l ____ Ool. 
" No. 3 Cheek 
No. 2 Adj. 
No. Ii Adj. 
No. 4 Cheek 
Oakland Manor No. l __ Ool. 
No. a __ Check 
No.2 __ Adj. 
No. 4 __ Check 
Anna No. l _____ _ Ool. 
" No. S Check 
" No. 2 _____ _ Adj. 
" No. 4 Check 
Oakland No. l ___ __ Col. 
No. 2 Ool. 
No. I Check 
Oxford No. 1 Col. 
" No. S Check 
No. 2 . Adj. No. 4 ______ Check 
Diatraet1 Ecc Parasitism, Stalk Infestation and Moth Population 
Swnmary of Observations in Southern Cane Sec:tioas 
Orop 
p 
6 / 13 
to 
6 / 17 
807 a: 36 1.9 
234 P. 4. 8 
CP 807 P 12.1 
213 s. 3. 0 
S6-MS. S.2 
CP 807 P. 0.0 
21S s. 
Oorn 15.5 
Corn 20.9 
CP 807 P . 9.5 
36-M S. 
36-M S. 2S.7 
Corn 
Oorn 
213 s 
21S s 
Corn 
Oorn 
36-S. 
213 s 
CP 807 S. 
3 6-S. 
218 s. 
Corn 
Corn 
36-P. 
3 6 - P . 
51.9 
27.7 
0.0 
0.0 
17. 9 
3.1 
0.0 
0 .0 
29.9 
0 .0 
0. 0 
0 .0 
1932 
La. Experiment Station Testa 
% Eggs parasitized 
7 / 1 
to 
7 / 9 
77.3 
71.0 
76.7 
ao.4 
17.3 
57.4 
"7.S 
42 .4 
7 / 25 
to 
7 / 30 
67.2 
72.4 
70.1 
76 .2 
65.0 
2.1 
0.0 
8 / 15 
to 
8 / 24 
80.9 
85.li 
95.6 
92.7 
90.J 
52.8 
17.8 
Harvested 
63.2 Harvested 
9 / 6 
to 
9 / 19 
97.5 
97.0 
95.li 
92.2 
97.1 
76.4 
68.7 
92 .4 90. l 100.0 
11.2 
Harvested 
Harvested 
Stalks 
No. 
counted 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
% 
Bored 
50.0 
59.• 
64.0 
76.0 
50.0 
92.0 
99 .0 
u .o 
58.0 
8 6.0 0.0 
72. 7 
40.1 
17.5 
7.9 
80. 5 9(.5 
55. 8 78.8 
91.S Cut for planting 
7".4 Cut for planting 
64 .8 
20.2 
0.0 
4.8 
12.8 
7.9 
0.0 
7 9. 5 
21.5 
16.5 
1.4 
79.6 Harvested 
73.1 Harvested 
30.0 82.1 100.0 
2. 6 60.6 71.6 
88.7 
83.8 
0.0 
80.9 
32.2 
5(.5 
H.2 
90.4 
88.3 
U .6 
Ha Nested 
Harvested 
9S.l 
96.S 
88.li 
85.6 95.6 
54.0 75.5 
100 
100 
100 
100 
100 
100 
100 
22.0 
98.0 
81.0 
37.0 
100 .0 
16.0 
70 .0 
Infes tation 9 / 15-9 / 2 3 
N Av. No. 
3 J'ts. eme~g'd Stalks 
bored holes per l E.H. 
9.9 
11.7 
11.5 
16.4 
10.8 
21.8 
S8.2 
6. 9 
7.2 
Sll .5 
5. 6 
.U.5 
18.0 
8.8 
40.0 
3. 6 
25 .7 
5 
11 
22 
9 
6 
SS 
33 
10 
8 
20 
1 
54 
25 
15 
57 
0 
25 
29.0 
9.1 
(.5 
11.1 
16.6 
3 .0 
8.0 
10.0 
12. 5 
5.0 
100.0 
1.8 
-4.0 
6.6 
1.8 
0.0 
-4.0 
Av. No. 
mot hs 
p e r A. 
l ,OH 
2 ,57 5 
-4,902 
3,070 
1 ,221 
6 ,943 
11 ,362 
2 ,6 78 
2 ,120 
5,555 
250 
11,980 
6 ,425 
3,155 
IS ,020 
0 
5,067 
.... 
"' 
Table XII (Continued) 
Locality, La. Field 
Linwood No. 1 Col. 
No. 2 _· ----- Col. 
No. 4 Check 
No. S Adj. 
No. 6 Check 
Albania No. l _____ Col. 
No. 3 Col. 
No.•----- Col. No. 5 ________ eo1. 
No. 2 ______ Check 
No. 6 _______ Check 
Hope No. S Col. 
" No. 6 Check No. t_ ______ Nat. 
No. 4 Adj. No. 6 _______ Check 
No. 2 _ _______ Nat. 
Orange Grove No. 1 ___ Col. 
" " No. 2 ___ Check 
LeMaire No. 6 __ ___ CoJ. 
LeBlanc No. s ______ Check 
LeMaire No. 6 _ _ _ _ Adj. 
LeBlanc No. •----- Check 
Diatraea Egg Parasitism, Stalk Infestation and Moth Population 
Summary of Observations in Southern Cane Sections 
Crop 
Oorn 
Corn 
Corn 
36-lll s. 
234 s. 
6 / 13 
to 
6 / 17 
1.2 
6.4 
S.4 
o.o 
0.0 
213 s. 0.5 
co 290 s. 
213 s. 
234 s. 
213 s. 0.0 
213 s. 
Corn 
<Jorn 
Corn 
213 s. 
213 s. 
213 s. 
213 s. 
234 s. 
Corn 
Corn 
213 s. 
213 s. 
57.9 
0.0 
21.8 
0.0 
0.0 
3.0 
3.3 
21.3 
o.o 
0.0 
0.0 
1932 
La. Experiment Station Tests 
% Eggs parasitized 
7 / 1 
to 
7 / 9 
61.3 
83.4 
46.9 
0.0 
1.6 
2.6 
0.0 
64 .7 
2.2 
57.9 
2 .? 
( .6 
H.7 
11.2 
49.8 
15.6 
0.0 
5.9 
7 / 25 
to 
7 / 30 
75.6 
95.0 
49.t 
87.2 
12.0 
19.6 
60.3 
35.4 
61.8 
2.9 
10.0 
77.8 
13. 6 
81.4 
11.7 
0.0 
63. 7 
51.2 
43.l 
8 / 15 
to 
8 / 24 
Harvested 
Harvested 
Harvested 
9 / 6 
t o 
9/10 
84.0 99.0 
80.6 70.S 
78.8 
90.9 
93.7 
80.2 
78.1 
U.2 
Har.vested 
Harvested 
Harvested 
90.7 
96.9 
99.3 
91.0 
84.4 
76.0 
86.6 91.( 
68.4 77.1 
91. 7 94.1 
79.2 
78.6 
98.4 
86.2 
Harvested 
••• 
9.8 
12.3 
11.li 
65.4 
55.4 
0.7 
90.S 
84.1 
Stalks 
No. 
counted 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
% 
Bored 
48.0 
81.0 
77.0 
74.0 
65.0 
71.0 
99.0 
99.0 
79.0 
98.0 
87.0 
60 .0 
93.0 
63.0 
99.0 
Infestation 9 / 15-9/ 23 
N Av.No. 
% Jts. eme~g'd Stalks 
bored holes per 1 
E.H. 
9.4 
28 .7 
17.8 
16.9 
13 .0 
14.0 
37.7 
S4.6 
16.1 
28.4 
26.9 
18.4 
37.0 
14.0 
42.6 
5 
14 
16 
17 
16 
S3 
22 
60 
9 
so 
18 
11 
82 
4 
51 
20.0 
7.1 
6.6 
5.9 
6.2 
s.o 
4.5 
1.7 
11.1 
s.s 
7.7 
9.1 
1.2 
26.0 
2.0 
Av.No. 
moths 
per A. 
1.293 
3,018 
5,164 
6,673 
6,498 
11,362 
7,675 
20,051 
2,937 
10,l2S 
2,705 
2,424 
17,867 
968 
lS,888 
Diatraea Egg Parasitism, Stalk Infestation and Moth Population 
Summary of Observations in S outhern Cane Sections 
1932 
Table XII ( Continued) La .. Experiment Station Tests 
% Eggs parasitized StafKS ' In!estation 9 / 15-9/ 23 
6 / 13 7 / 1 7 / 25 8 / 15 9 / 6 No. Av.No. Av.No. No. % % Jts. Stalks Locality, La. Field to to to to to 
counted Bored bored em.erg'd per 1 moths Crop 6 / 17 7 / 9 7/ 30 8 / 24 9 / 10 holes E.H. per A. 
Enterprise No. L ____ Col. Co rn 13.0 28.6 Har vested 
.. No. 3 _ ___ Check Corn 0.3 23.4 Harvested No. 2 ____ Col. CP. 807 S. 0 .0 7.6 56.8 88.1 98.1 100 56.0 10.5 22 4.5 6,239 No. 4 ____ Check CP.807 S. 0.0 17.3 30.5 86.0 86.0 100 98.0 27 .S 64 1.5 18,718 
Peebles No. l ___ __ Col. Corn 26.4 74.4 73.4 Harvested 
.. No. 3 _____ Check Corn 3.9 29.6 72.4 Harvested No. 2 _____ Adj. 213 s. 0.0 0.0 0.0 60.4 94.9 100 94.0 25.8 12 8.3 2 ,657 No. 4------· Check CP. 281 S. 0.0 7.4 8.6 15.5 53.4 100 99.0 49.4 69 1.4 14 ,880 
"" C> Erath Caldwell B No. l _ Col. Corn 0.0 57.0 Harvested .. 
" No. 3 _ Check Cane 0.0 0.0 15.9 (Not followed out, Not comparable) 
Erath-Moss No. 1 ·-·-··-· Col. Corn 13.6 77.3 Harvested 
.. .. No. 3 _ ___ Check Corn 10.0 38.2 Harvested No. 2 ____ Adj. Corn 13.1 65.6 Harvested 
Summary Average of All Fields in Each Group, All Cane 
Average 12 fields ___ Col. Cane 5.7 36.8 64.3 87.2 96.4 1200 64.0 13.5 173 7.0 3,422 Average 18 fields _____ Adj. Cane 3.1 14.4 47.5 83.7 93.3 1800 59.l 12.3 146 12.3 2,164 Averaee 21 fields _ ___ Check Cane 1.8 9.4 23.7 68.0 70.4. 2.100 93.0 31.8 793 2.6 6,057 
In order to present a summary view of this mass of dat 
briefly as possible we have placed' it in the form of a graph VI 
appears herewith. 
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Figure 2 
Trichogramma Parasitism Progress in Colonized, 
Adjacent and Check Fields, Corn and Cane 
South Louisiana, 1932 
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2 July 1-9 5 September 6-10 
3 July 25-30 
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The progress of parasitism through the season is only one of 
several indices by which we measure the benefits of colonization 
work. From an examination of the graph it is quite clearly shown 
that in colonized areas there is a very rapid increase of parasitism 
during the first few weeks after the colony is established. The de· 
velopment in the check areas which, at the middle of June, were in· 
termediate in parasitism between the colonized and adjacent fields, 
continues steadily and in nearly a straight line through the season to 
an average maximum of 69.4 % . In the "adjacent" fields with only 
half the parasitism occurring in the checks at the beginning of the 
examination, the development is parallel with that in the checks for 
the first few weeks and then as parasites spread from the early 
parasitized colonized areas into the "adjacent" fields the rate of in· 
crease in the "adjacent" fields rises very rapidly indeed until it ap· 
proaches closely the percentage occurring in the colonized areas. 
The development in the check areas never overtook that in colonized 
and adjacent areas even in a comparison of individual field records, 
although by mid-season the infestation by borers in many of the 
check fields exceeded that in any of the colonized or adjacent fields. 
A close study of individual field records shows clearly that the abund· 
ance of host eggs is not the only factor that governs the development 
of parasitism in any particular field. There is also a factor of the 
time at which the parasitism starts. When this start is late two gen· 
erations of borers may have occurred and a great deal of damage 
may have been done to the cane which cannot be wiped out by late 
season high parasitism of borer eggs. Trichogramma does not de· 
velop spontaneously any more than does Diatraea. There is strong 
evidence that Trichoaramma does not survive the winter in many 
cane fields and they may not reach all fields by their natural spread 
until after two or three generations of borers have developed and in· jury to the cane is already severe . . We believe that Trichogranun• 
control of Diatraea to be really effective must start early in the 
season, at least as early as borer infestation becomes moderately 
abundant, and this host condition may occur at the beginning of 
second, third and sometimes even as late as the fourth generation of 
of borers. 
Trichogramma Colonization Effects Upon Stalk Infestation and 
Moth Population Produced in Millable Cane, 1932. 
In securing these correlations, as shown for each field in Table 
12 and summarized in Tables 13 and 14, all examinations were made 
by the same group of workers under the supervision of one man so 
that there was uniformity as to methods and personal equations 
throughout. The l!ltand of cane per acre was determined on the basis 
of averaging the figures found at four representative locations 
situated some distance in from the ends and edges of each cut. In 
these locations also, 100 stalks were stripped and thoroughly ex· 
amined for any signs of borer and those showing one or more borer 
burrows per stalk were classed as "bored." The emergence holes are 
conspicuous and were recorded for each group of stalks examined. 
On the basis of "stand" and ratio of emergence holes per 100 stalks, 
the moth population per acre in millable cane was determfoed. 
- 22 -
Tahle XIII 
Croup Average Correlations Showing Trichogramma Colonization Effects on Borer 
Egg Parasitlzation, Percental!'e of Stalks Bored, Number of Borer Emergence 
Holes and Moth Population per Acre, 1932. 
(A, B, C, groups correspond ln Tables 13 and 14) 
Progress of Trichogramma Parasitism 1932, Cane only. 
Test group and 6 / 18-· 7 / 1- 7 / 25- 8/15- 9/6-
No. fields. 6 / 17 7/9 7 / 80 8/24 9 / 10 
(A) 12 Qol'd 5.7 36.8 64.8 87.2 96.4 
(B) 18 Adi. 8.1 14.4 47 .6 88.7 98.2 
(C) 21 Check 1.8 9.4 28.7 68.0 69 .S 
Table XIV 
Borer Infestation Jn Mlllable Stalks and Moth Population per Acre, 1932 
Staik Infestation Moth Population in Mill Cnne 
With 1 or Joints Em erg. Aver. No. Moths No. more stalks bored holes per A. Examined burrows per 1 
% % No. emerg. bole aver. No. 
(A) 1200 64.0 13.5 178 7.0 S,422 
(B) 1800 59. l 12.8 146 12.3 2,164 
(C) 2100 93.9 81.8 798 2.6 6,057 
From the data in Tables 13 and 14 it appears that "protected" 
areas (colonized and adjacent taken together) show the destruction 
of borer eggs to average fully one-third higher than in checks and 
that as a consequence there follows a reduction averaging about 33 % 
in the percentage of stalks bored and averaging 60 % in the percent-
age of joints bored. Furthermore the total m.oth population produced 
in millable cane thro.ugh the season was only 46.1 % of that in 
checks. These results are closely consistent with those found in 1931. 
Trichogramma Colonization Effects upon Proportion• 
of Millable and Unmillable Cane 
Ip the same fields a further study was made to determine the 
average stands of millable and unmillable stalks per acre. This was 
done by examining larger plats at four representative sections of 
each field and averaging the res,ults for that area. Row-feet meas-
urements were taken also and the proportion of unmillable stalks 
killed by borers was determined. All of these examinations were 
made by one man following uniform methods. 
Table XV 
Borer Control Measured by Millable and Unmlllable Cane-1932 
Millable 
,. . Orig. At Harvest canes 
No. fleld~ ' 
., 
No. st1tnd Killed by Borer saved Un millable by colon· 
Type and s t1tlks shoots Un- No. ization 
exam'd per millable Millable No. % Av.No. acre No. per 
acre 
31 Protected 12,400 84 ,880 25,288 9,592 7,499 78.2 6,000 
28 Checks 11,200 85,720 19 ,269 16,431 12,859 78.8 
In comparing these two sets of areas it is very striking that, 
\Vlnile the original stand of sprouts was practically equal, the borers 
- 28 ~ 
oyed many more shoots in t he check areas than in t he protected 
;, The difference amounted to 6,000 stalks per acre and t his 
•l' alone amounts to 25 % of the yield in millable stalks secured 
rn average on all protected areas. We believe that t his is the 
time that a direct study of borer damage in the form of unmill-
cane has been made in Louisiana. The con clusion as to loss from 
t infestation in this form is supported also by field weight re-
; on many plantations. 
OCCURRENCE OF BORER WORK AND RED ROT IN CANE 
It is well known that there are two main factors-borer burrows 
red rot--which affect the sugar content of cane. A close study 
1een made in cooperation with the Department of Plant P athol-
to determine t he orcurrence of borer burrows and red rot in six 
:ties of plant cane, w'hich were a ll grown together in the same 
at the Sugar Experiment Station in 1932. Ten-stalk samples 
· selected from cane as cut for the mill to represent practically 
er free" and "bored" lots and duplicate lots of each were taken 
ipresent t he eastern and western halves of the rows in the cut . 
r t hese samples were taken to the mill t hey were weighed and 
each stalk was given its proper lot and serial number. Next , 
y joint was sampled by the Zeiss Hand Refractometer and a 
reading was taken by the same man for the entire series. This 
ing was recorded for each joint on a diagram sheet. Later the 
s were split open and t he records fou nd for borer and for red 
vere added for each joint. Both the extent of borer work and of 
red rot infection were indicated also. The correlation of these 
t·ds gives some very interesting information which we do not 
space to state in full here. However we do feel that the "fre-
1ciea" of occurren ce of borer work, ± red rot, and of red rot 
e, should be sh own at t his time. These "frequencies" per 100 
:; may be expressed as percentages. 
Joints Percentages of 'l
'ot. 1'10. Joints 
Bored No. No. Wt. Tot. Borer +Borer Borer 
Red 
Variety or Plats Stalks Stalks No. Free Alone + Rot Borer Bore.r 
Red 
Free Lbs. Joints No. R.R. Alone Free Only + 
Rot 
R.R. Alone 
"Borer Free" 
213 Free 1+2 20 41.0 274 224 35 15 0 81.7 12.8 5.5 0.0 
234 Free 1+2 20 37.0 297 266 25 4 2 89.5 8.4 1.4 0.7 
2Sl Free 1+2 20 42 .0 223 204 17 1 0 91.9 7.7 0.4 0.0 
36-M Free 1+2 20 49.0 270 255 12 2 1 94.4 4.4 0.8 0.4 
290 Free 1+2 20 63.0 254 246 6 2 0 96.8 2.4 0.8 0.0 
807 Free 1+2 20 52.0 309 298 s 3 0 96.4 2.6 1.0 0.0 
Totals nnd Average 120 284.0 1627 1493 103 272 3 91.8 6.3 1.7 0 .2 
"'Bored Stalks" 
"' 
"' 
213 Bored 1+2 20 33.0 215 90 84 39 2 41.9 39.1 18.l 0.9 
284 Bored 1+2 20 35 .0 293 152 76 5G 9 51.8 26.0 19.1 3.1 
281 Bored 1+2 20 38.5 234 120 81 ao 3 51.3 34.6 12.8 1.3 
36-M Bored 1+2 20 44.0 259 155 58 41 5 60.1 22.8 16.0 1.9 
290 Bored 1+2 20 47.5 236 135 60 36 5 57.2 25.4 15.3 2.1 
807 Bored 1+2 20 41.5 288 230 51 7 0 79.9 17.7 2.4 o.o 
Totals and Average 120 239.5 1525 882 410 209 24 57.8 26.9 13.7 1.6 
Weight of 120 "Bored" st.alks (20 each of 6 vars.) averages 84.3 % of same number and variety but borer "free". This means a 
"loss in weight" of cane of 15.7% on account of a difference of 34 % in % of joints bored--due to Borer, + Red Rot. Roughly the di!-
ference in weight of cane is nearly equal to 'h the difference in the % of joints bored or infected. In the 'iroup intended to be "Borer 
free," with 8.2 % of the joints actually infested or infected (as shown by close examination upon splitting), 77 % of the affected joints 
were attacked by borer alone (and showed no evidence of red rot occurrence) ; 20.6 % of the affected joints showed the borer infestation 
accompanied by red rot in the same joints that showed the borer work and 2 % showed red rot without borer occurrence in the same joint. 
In tht! group of "heavy" bored •talks, including also 10 stalk s of eRch of the six varieties, out of a total of 1525 joints, 643, or 
42 .2 % , were "affected." Among these 643 "affected" joints, 410, or 63 .8%, were affected by borer only; 209, or 32.5%, were affected by a 
combination of horer and red rot, while only 24, less than 4 %. were affected by red rot alone and nearly all of these occurrences were ad-
jacent to bored joints. 
In this study of the combined effect of borer and red rot upon the analys es of cane varieties. the borer factor appears to be by far 
the more important. Borer work occurs alone, unassociated with red rot, nearly 20 times as frequently as red rot occurred alone and twice 
as frequently a s all cases of red rot both alone and in combination with borer work. 
ACTUAL EFFECT OF BORER WORK, ± RED ROT, UPON 
ANALYSES OF CANE 
The problem was studied by taking 200-joint samples from each 
of six varieties of cane to represent (a) all "borer free", (b) all 
"medium bored" and (c) all "heavily bored." The cane was all plant 
and had been grown in the same cut, in replicated plats. The classi-
fication of joints was based on external appearance and joints were 
cut out at the nodes. Special care was taken to assure that the 
poaition of free and bored joints taken from each stalk was as closely 
similar as possible. If a bored joint was taken, the next borer-free 
joint, alternately above or l:>elow, was taken also from the same stalk, 
thus equalizing the maturity of joints used in the comparisons. The 
200 joints were measured for total length, then weighed carefully 
and run through the same mill. The juice was weighed and samples 
taken for analyses. Taking the records found for the "borer-free" 
sample as the base, or 100 3 , the loHe• due to the borer work, ± 
red rot, were computed in percentages. These losses are shown for 
each variety in Table 17. The figures afford both an unusually ac-
curate measure of the actual total damage done to "medium" and 
"heavy" infested joints by borers and red rot, and also a comparison 
of the susceptibility, or resistance of varieties to these forms of in-
jury. 
Table XVII 
Lou: Borer, ± Red Rot, Decreases (When all Joints are Affected 
as per 200-Joint Sample) 
All decreases fliured on "free" sample as base 12/ 12 /~. 
Stalk Ex- Cor. Degree Jµi ce Sucrose P u,.ity Lbs . s ugar 
Var iety Borer Wt. Wt. t raction Brix . % % per ton
 
Inf' n . % % % % lbs. loss 
218 Medium 6.7 11.2 8.57 8.05 4.7 7 20.89 88.57 
218 H ea v y 26.7 33.4 6.82 4.65 6.24 26.71 11 2. 08 
23 4 Medium 10.0 13.9 3.11 2.4 8.51 12 .66 68 .54 
234 H eavy 16.0 22.8 5.33 3.8 5. 34 20.60 9 4.37 
86 M Medium 4.9 11.8 4.90 2.0 2.7 5 9.19 53.19 
36-M Heavy 18 .1 25.0 9.87 2.4 3.85 15.71 78.44 
1!81 Medium 9.4 12. 7 2.68 2.10 3. 04 9.16 57.77 
281 H eavy 14.9 20.0 4.48 2.95 4.08 12.2 6 77.19 
807 Medium 10.7 10.5 ± 0.0 0.9 1.8 1 4. 49 20.87 
807 Heavy 1'7 .9 26.8 7.0 2.8 3.86 12 .81 61.98 
290 Med. (1) 12.8 17.8 8.77 1.60 1.90 5.50 26.60 
290 Heavy 16.7 20.7 8.59 1.10 1.22 8.05 25 .72 
(1) These joint& were not apllt open. Apparently the group classed from ex-
ternal appearance na "medium" infested waa actually as hea v ily damaged aa 
that claued a1 "heavy." 
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Table XVIII 
Loss percentages: Composite Average of 6 Varieties 
Stalk Degree 
length ~~f~ 
Stalk Juice Ex- Cor. Sucrose Purity Sugar Wt. Wt. traction Brix. 
% % % % % % per ton 
1.4 Medium 13 .6 18.1 2.66 2.48 2.88 10 .28 60.09 (32 % ) 
4.2 Heavy 21.6 24.3 5.85 3.7 4.01 15.02 73.00 (46.6 % ) 
The louea shown in Tables 17 and 18 a-re very significant. They 
help us to understand the fluctuations in Brix readings from indi-
vidual joints and also the reductions in sucrose percentages found in 
both sample analyses and in mill analyses for cane of varying degrees 
of borer infestation. 
TRICHOGRAMMA COLONIZATION EFFECTS UPON SUGAR 
PER TON OF CANE 
In addition to the foregoing studies, samples of cane were taken 
from as many of the South Louisiana teat fields as possible to deter-
mine the average sugar content and the extent to which various de-
grees of borer infestation had affected the sugar produced. The 
method of taking samples was recommended by Professor W. G. 
Taggart, Assistant Director, Louisiana Experiment Station and in 
charge of Sugar Cane Investigations, as having been found to give 
consistently dependable field average analyses. The samples were 
taken by one man selecting at random 30 stalks scattered widely 
through the field and all analyses were made through the same mill 
and by the same chemist at the Louisiana Experiment Station. The 
figures are grouped by varieties in Table 19. 
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Table XIX Trichogramma Colonization E ffects upon P ercentage o f Stalks Bored ( * ), Joints Bored and Sugar per Ton of Ca n e, 1932 
Protected Checks 
No. of Percentage Sugar Sugar Percentage No. of Variety fields per ton per ton fields Variety of ~ane 
averaged Stalks Joints of cane of cane Joints Stalks averaged of cane bored bored Aver. lbs. Aver. lbs. bored bored 
213 St. 5 73.3 15.3 178.90 155.71 30.4 95.0 5 213 St. 
213 St. 2 61.5 13.6 151.51 141.56 41.2 99.0 2 213 S t. 
2 13 St. and Pl. 5 76.2 17.5 187.57 162.68 37.8 95 .5 4 213 St. aI)d Pl. 
2 13 St. a nd Pl. 2 90.5 10.9 198.78 173.2 1 12.0 100.0 2 213 St. and Pl. 
Tot. and Aver. 14 75.1 15.4 1 80.94 155.11 36.4 96.5 13 2 13 Tot. and 
213 (Aver. increase 25.83 lbs. per ton with POJ 213) Aver . 
36-M 2 34.5 5.7 143.19 126.51 29.7 78.0 2 36-M. 
36- M 1 16.0 3.6 201.06 180.78 28.1 97.0 1 36-M. 
Tot. and A ver. 3 2S.3 5. 1 162.48 144.60 28.8 84.3 3 36-M. Tot. and 
36-M ( Ave r. increase 17.88 lbs . per ton with POJ 36 -M.) Aver. 
07 2 48.5 8.8 155.94 131.88 27.33 98.0 807 
07 1 41.0 7.0 170.53(** ) 180.13(**) 26.8 90.0 807 (McC.) 
807 1 75.0 10 .9 195.33 176.71 19.8 89.0 80 7 
Tot. and Av er. 4 53.2 9.2 169.43 1 G2.9 1 24 .5 92 .3 807 Tot. and 
807 (Aver. increase 6.52 lbs. per ton with 807) A ver. 
234 Pl. Tot. 71.0 1 3.9 210.00 l 7-5.96 31.9 94.0 234 Pl. Tot. 
(Ave r. increase 34.04 lbs. per ton with· 234) 
CO 2$1 Tot. 66.0 15.7 185.65 (**) 189 .89 (*•) 36.8 94.0 28 1 Tot. 
Composite: 23 64.6 13.7 178.0 l 57.08 33.l 89.1 21 Composite 
All Protect. all checks Composite Aver. increase 20.92 lbs. per ton for all vars.) 
(*) 
(**) 
Stalks are classed as '"bored" if they show one or more borer burrows of any size. Many of these may be s mall or s hallow burrows 
and cause no m easurable injury to the stalk as a whole. The SJJ.n1e is true for 0 joints bored." 
These lwo sets of fields (807 and 281) were grown on t he same plantation. Being the only r.omparisons of 1932 that were apparen tly 
"out of line" with the general trend, a special investigation was made to find the explanation. It was then learned that a few years 
ago Bayou T eche mud had been pumped onto both "adjacent" fields which have sinc-e produced r egu larly more tons of cane per acre 
but with " considerably lower yield of sugar per ton than the c hecks which had no mud added to them. The results in these two 
cases are therefore not i>ut of line. The owner remarked "I am surprised that there is not more rJ.ifference in sugar content in favor 
of the check areas." 
In Table 19 we are able for the first time to present for 5 varie-
ties the very significant correlations existing between borer infesta-
tion and the amount of sugar produced per ton of cane. Our investi-
gations have included a much larger number of fields of POJ 213 
cane than of any other variety because. of the generally well known 
susceptibility of t his variety to both borer attack and to red rot in-
fection. The large number of fields represented gives the figures for 
sugar saved per ton of cane a very high degree of dependability for 
213 (25.83 lbs.) and for the composite average for all varieties 
(20.92 lbs.). The figures show a lso something. of the variation which 
exists among cane varieties in susceptibility to injury by borer and 
red rot combined. Even with the variety CP 807 which appears in 
t his table-and in all of our other studies- to be least injmed in 
sugar content, t he saving is sufficient to justify colonization work. 
Results of Colonization Work by County Agents and Planters 
In accordance with our general recommendations, colonizations · 
were made in 1932 by several county agents , especially by P. J. 
deGravelles, C. C. Chapman and W. E. Williams, and also by a 
number of individual growers. All used our Louisiana strain of 
Trichogramma secured from commercial producers. These men also 
designated corresponding suitable check areas according to their own 
judgment. Examinations made by our staff members showed that 
the progress in egg parasitism in a number of such colonized and 
check areas was in August very closely similar to that found in our 
own tests for the same period. At harvest time similar differences in 
borer infestation a nd damage were found. Field samples of 30 stalks 
were taken as in t he case of our own fields reported in Table 19. 
When the results of these analyses were computed to "lbs. sugar per 
ton," they showed for POJ 213 an average saving of 25.57 lbs. per 
ton in favor of colonized areas and for CP 807 a saving of 18.62 lbs. 
per ton. 
These records indicate t hat the average intelligent sugar planter, 
who knows his own borer infestation conditions and will follow our 
recommendations, may expect similarly beneficial results. 
Coat of Colonization Work 
The cost of colonization work in 1932 ranged from about 80c 
to $1.20 per acre. A fair average figure covering the market cost 
of 6,000 parasites and the small amount of labor required in their 
liberation is $1.00 per acre. Very decided improvements have been 
made during the year in the type of container used in shipping out 
the unit numbers needed per acre. 
Value of Saving in Sugar per Acre from Trichogramma Coloniza-
tion, Baaed upon Plantation Records, 1932 
As a final step in such studies as we have been making, it is 
highly desirable to have plantation records for actual field yields 
secured and mm analyses from as large a series as possible of pro-
tected and check areas. Definite plans were made for securing such 
records by preliminary anangement with mill owners and superin-
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tendents. Naturally, in the progress of plantation operation the 
number of such records finally secured must necessarily be consider-
ably smaller than the number of are.as included in our other observa-
tions. After making a critical study . of the records secured we feel 
that we can depend fully upon the weight records for six sets of areas 
which have been included in the Table 20 following. The mill an-
alyses records in all of these cases were taken considerably later 
than our field sample records upon which were based the figures 
given in Table 19. We have the mill analyses, sucrose percentage 
records, for only four sets of these fields. A composite average of 
these four sets of records shows that in these cases in the protected 
areas there had been an increase in sucrose from 13.52 per cent in 
our earlier sample tests to an average of 14.35 per cent, at harvest, 
or a gain of 0.83 per cent average suc1·ose. In the four check areas 
which may be thus compared, there was a gain from 12.93 per cent 
in our original sample tests to 13.94 pe),' cent in the mill analyses, or 
a gain of 1.01 per cent sucrose. The mill analyses reported to us are 
not complete in all cases. Therefore, we have considered it to be 
conservative and reliable to use for the final figures in Table 20 the 
lower average sucrose per cent and full analyses as found in our 
field samples as reported in Table 19 and carry through these com-
putations to pounds of sugar per acre and value of gain per acre. 
The final figures thus shown are conservative and enable us to in-
clude all of the six sets of areas. The value of sugar is taken at the 
arbitrary figure of 3 cents per pound. 
Table XX 
Value of Savin&' In Su&'ar per Acre from Trlcho&'ramma Colonization, 1932 
Location, La. Variety 
Protected 
Shadyside No. 4 ·-·-----· 218 P. 
Shadyside No. 8 . _____ 218 P. 
Centerville No. 2 _____ 218 St. 
Orange Grove No. L _ 218 St. 
Average ___ 
--------
218 
Mccardell No. 2 __ ______ ,807 P. 
Mccardell No. 6 _____ ~8 1 P . 
Composite Avera&'e __ 
Yield 
per 
acre 
tons 
Fields: 
18 .50 lo.oo 
20.00 
16.00 
17.62 
21.00 
22.0 
lS.91 
lbs . 
augA.r 
per ton 
cane 
Col!'nized 
184.85 
184 .02 
208.60 
197.72 
198.67 
170.58 
l 86 .6 5 
188.48 
Lbs.sugar 
per acre 
or Adjacent 
3,410.48 
2,944 .82 
4,172.00 
8,168.52 
---
3,412.8 2 
8,581.l 8 
4,084.80 
3,564.16 
Check Fields, Natural Parasitism 
Shadyside No. 7 _______ 218 P 16.2S 164.81 2,670.04 
Shadyside No. 9 _________ 218 St. 12.00 156.24 1,874.88 
Centerville No. 4 ______ .218 St. 15.00 159 .02 2,885.80 
Oran&'e Grove No. 5.-.218 St. 13 .00 146.98 1,910.74 
Average·------------21 S 14 .06 150.64 2,202.86 
Mccardell No. 8---------807 P. 19.00 180.18 8,422.47 
Mccardell No. 7 ______ 281 P. 18.50 189.8 9 8,512.96 
Composite Average ___ _ 15.68 166.10 2,5 %.14 
Lbs. sugar 
gain 
per acre 
from 
protection 
1,210.46 
158.66 
571.34 
968.02 
Saving 
per acre 
nt Sc lb. 
s ugar 
$86.81 
$ 4.76 
$17.14 
$29.04 
In the six sets of fields which could be carried through to the 
final figure for the value of sugar produced per acre, the average 
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yield in the check fields with natural parasitism was 15.63 tons per 
acre. While in the six protected fields, including colonized and ad-
jacent, the average was 18.91 tons per acre. This indicated an in-
crease in tonnage produced of 3.28 tons per acre. 
In these six fields there was an average increase of 22.38 pounds 
of sugar per ton of cane produced. For the variety 213 the saving 
amounted to 27 pounds of sugar per ton of cane. It is interesting to 
compare these figures obtained from plantation records with those 
secured from our field samples as shown in Table 19. In those records 
the average saving with all 21 tests was 20.92 lbs. sugar per ton of 
cane and for 14 tests of POJ 213 it was 25. 83 lbs. 
Assuming the value of sugar to be 3c per pound, the value of ' 
the saving per acre from Trichogramma colonization appears to be 
$29.04. With a cost of $1.00 per acre for parasites this leaves a net 
profit of $28.04 per acre as a result of Trichogram.ma colonization 
work on these areas in 1982. The net saving amounts to 36 % of the 
total value of the sugar secured on the naturally parasitized check 
areas. 
Summary and Conclusions Baaed on 1932 
Work Especially 
1. In corn, among 8 comparable check fields the natural parasitism 
increased between June 15 and July 30 from 17.4 % to 53.5 % 
average (an increase of three-fold), while among 11 colonized 
areas averaging 16.3 % parasitism before colonization, the ad-
dition of 6000 Trichc",gramma per acre enabled these fields to 
show 82.8 % average parasitism at the end of July (an increase 
to five-fold). 
2. Among the cane fields, compared, the natural parasitism occur-
ring at the start was 6.9 % in all checks, 11.3 % in all colonized 
and 3.3 % in all adjacents which received most of their parasite 
supply from neaxby, colonized corn fields. In three weeks the 
percentage had increased five-fold in colonized, five-fold in ad-
jacent and three-fold in check areas. Through the balance of the 
season the parasitism in colonized and adjacent axeas continued 
far higher than in the checks, averaging appxoximately 28 % 
above checks to September 10. 
3. Correlation studies show that in all check areas there was an 
average of 31.8 % of the cane joints bored and a moth population 
of 6,057 produced in millable cane through the season. Compared 
with these figures all colonized fields showed 13.5 % of joints 
bored and 3,422 moths per acre while adjacent fields had 12.3 % 
of joints boxed and 2,164 moths per acre. 
4. With an initial total stand averaging 34,880 sprouts in all 31 
protected areas and 35, 720 in 28 checks, there were 19,289 mill-
able stalks per acre produced in checks and 25,288 in all pro-
tected areas. The difference of 6000 millable stalks per acre, or 
a saving of over 30 % of the check stalk yield, is indicated as one 
benefit from colonization work. 
5. We find a consistent and very significant saving in pounds of 
sugar produced per ton of cane. The aaving ranged from 6.52 
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pounds per ton with 807 (the most resistant variety) to 25.83 
pounds per ton with 213. The general average saving shown as 
a composite of all varieties was 20.92 pounds of sugar per ton of 
cane. 
6. The cost of colonization work averaged $1.00 per acre in 1932. 
7. The six sets of plantation records secured in 1932 showed an 
average yield of 15.63 tons per acre in six check areas with 
natural parasitism and 18.91 tons in six protected areas. The 
average saving or gain ip. yield was 3.28 tons per acre. 
8. In these six fields there was an average increase of 22.38 pounds 
of sugar per ton of cane produced as compared with 20.92 pounds 
for all of our test areas as measured by field samples. 
9. The gross value of the inc1·eased yield of sugar per acre in six 
protected areas at 3c per pound was $20.04 per acre. 
Making Trichogramma Colonizations on Sugar Cane Plantationa 
Corn and cane are the principal crops suffering from borer at-
tack in Louisiana. The first problem is to locate the areas of greatest 
abundance of borers in their first generation. Our observations dur-
ing six seasons have convinced us that we should look first, just as 
the first tassels appear, in the most advanced garden plats or fields 
of thrifty growing earliest maturing corn and also in the most ad-
vanced cuts of cane. In the corn and cane the most conspicuous 
signs of borer larval presence consist of the leaf perforations formed 
by the young larvae as they feed within the leaf roll and also the 
evidence of accumulations of excrement in the axils of lower leaves, 
or the burrows into the stalks which are revealed when lower leaves 
are stripped down so as to remove the sheath of the leaf from 
around the stalk. The average numbe1· of infested stalks per 100, or 
more, row-feet should be determined. On this basis the number of 
infested stalks per acre may be estimated fairly closely. Further-
more, a number of evidently heavily infested, often the "stunted 
stalks," should be cut up sufficiently to reveal the various stages of 
the borer present and a record made especially of the date, crop, cut, 
the number of stalks examined, numbers of full-grown larvae, pupae 
and empty pupal skins found. Pupal skins indicate emerged moths 
and emerged moths mean that eggs are being laid for the next, or 
second, generation. A similar examination should be made to deter-
mine the stage of development of the borers in dead-heart canes at 
this time. 
In either case a favorable time for Trichogramma colonization 
occurs in that particular area very soon after pupal skins become 
fairly common: As a workable rule, we would say, if three or more 
batches of unhatched borer eggs can be found in an hour, or if there , 
occurs on the average at least one borer-caused dead-heart per 25 
row feet and among the stages in these the proportion of pupal skins 
to pupae and full-grown larvae together, i.s at least 10 3 . Release 
work may be repeated within the same area, or extended to new 
areas, under Louisiana conditions, until th.e end of August, in accord-
ance with the conditions of fairly common borer egg occurrence and 
low Trichogramma parasitism which may be found. There are now 
about 200,000 acres of cane being grown in Louisiana and also a 
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large acreage of corn in the cane area. Not nearly all of this acreage 
will call for treatment but all of it may probably be protected to a 
considerable extent by proper, timely and appropriate methods of 
borer repression, applied to the centers of early heaviest infestation. 
Of these methods, Trichogramma colonization is certainly not the 
least important or certain in its beneficial effects. 
Procedure in Handling Trichogramma Colonization Stock 
The delivery of Trichogramma stock at the plantation should be 
requested of the producer at least a week before t he expected time 
for release. When received such stock should be placed immediately 
in an electric refrigerator preferably, and kept at a temperature of 
between 40 and 50 ° F . An ice refrigerator may be used if the elec-
tric type is not available. Om experience indicates that the electric 
refrigerator maintains a drier atmosphere and preserves Tricho-
gramma stock better than the more humid ice type. 
If the borer egg conditions in the field are favorable for im-
mediate release, and climatic conditions a lso favorable, (avoid very 
cold, rainy or windy days) the portion of Trichogramma stock which 
may be needed for one days releasing work may be left outside the 
refrigerator where direct sunlight will not strike the containers and 
air temperatures may be between 75 and 85° F. The instructions 
accompanying the ship.ment will probably include information as to 
about what date the wasps may be expected to emerge if kept under 
average room temperature conditions. The emergence of the para-
sites may be determined at any time by holding the paraffin paper 
envelope in front of a strong light. If the wasps have emerged in 
abundance, an idea of their numbers may be obtained' by changing 
the position of the envelope so that the wasps have occasion to climb 
upward. It is very important that about one day be a llowed after 
emergence begins for nearly all of the wasps to emerge and mate be-
fore 1:eleasing them in the fie ld. By doing this t he darlger of having 
parasitized eggs destroyed by ants or other predators in the field is 
avoided and the wasps are released under the most favorable possible 
conditions for their immediate activity and for the production of a 
.maximum proportion of female. 
When ready to distribute in the fields a very small portion of 
the tip at one corner of the envelope may be cut off to allow the 
wasps to escape. This opening should be held upward and the i·ate 
of escape may be regulated by merely tilting the container. A sharp jar on the walls of the envelope, or, after opening t he envelope 
further, a puff of breath will loosen the last of the parasites and 
cause them to take wing. It is well to keep the containers and egg 
sheets in a glass jar until the next day, so that specimens emerging 
later may be released also under favorable conditions. 
For carrying a large stock of parasites into the field we have 
found t hat containers with wasps ready for liberation may be placed 
very conveniently in a vacuum ice cream freezer. The outside of the 
freezer may contain ice without salt. In t his way adult wasps may 
be carried through the day without suffering injury and will become 
active in a few minutes after the containers are removed from the 
freezer. 
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Care should be taken in the field to avoid leaving a package of 
stock under conditions that might expose the wasps to destruction 
by the activity of ants or by any prolonged exposure to strong, hot 
sunlight. 
It is nowi very certain that Trichogramma does have the ability 
to spread in the fields much more widely than some entomologists 
have thought probable, (8, 10, 12). We also have some evidence that 
the brown Trichogramma strain which we colonized in a locality in 
1931, where only yellow strain was previously found by us up to that 
liberation, had not only survived in that locality the following winter 
but also became the predominant strain in that area. In fact the 
earliest and most abundant l 932 natural field parasitism of Diatraea 
eggs which w'e have found in Louisiana this season has been of the 
brown strain such as we liberated in 1931, and in an area where only 
yellow strain was taken before that liberation. This survival occurred 
around negro cabins and appeared first in early garden corn. 
Similar Work on Cane Borers in Barbados and Mexico 
The results of Trichogramma colonization work in Louisiana 
have been supported by closely similar results secured in two other 
countries where similar work has been done for the control of sugar 
cane moth borers. In Barbados, Mr. R. W. E. Tucker has reported 
three years of very successful work on a large scale, (7, 8, 9), and 
the results have been so satisfactory to the cane growers that the 
growers are now voluntarily supplying the funds needed to multiply 
the breeding facilities three-fold. Mr. Tucker is, we believe, breeding 
now the strain of Trichogramma which we have used throughout our 
work in Louisiana and from breeding stock which was sent him by 
us in the fall of 1928. 
In the spring of 1929 the Haciendas de Redo y Cia, at El Dorado, 
on the West Coast of Mexico, employed Mr. Stanley E. Flanders to 
install a large Trichogramma breeding plant there to supply their own 
needs for increased borer control on some 10,000 acres of cane. Mr. 
Flanders reports (11) "three species of Lepidopterous cane borers 
as seriously injuring the cane in this locality, and of these species 
Chilo loftini is most uniformly distributed, most numerous and re~ 
sponsible for the major portion of the damage. Its eggs are so de-
posited that they are not extensively parasitized by Trichogramma." 
Mr. Flander's report closes with the following paragraph: 
"On the West Coast of Mexico the control of cane-borers by the 
use of the native strain of Trichogramma does not appear probable 
since the two most destructive species are apparently not attacked 
to any extent. The utilization of Trichogramma minutum for the con-
trol of the sugar cane borer in Louisiana apparently has a greater 
chance of success." 
A letter received on May 28th, 1932, from Sr. Diego Redo, presi-
dent of Redo y Cia, states regarding this work: 
"We have discontinued the reproduction of same (Tricho-
gramma) not because we have ceased to believe in this manner of 
controlling the cane borer, but because we have had to cut all ex-
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penses excepting those of cutting, hauling and grinding the cane, on 
account of the severe prices of the sugar industry. 
"It is unquestionable that Trichogramma minutum has reduced 
our borer infection and that the expense of reproducing same is 
amply compensated. 
"We therefore intend to continue in the coming year the repro-
duction of Trichogramma." 
General Conclu•ions 
The practicability of mass breeding of Trichogramma upon the 
eggs of Sitotroga cerealella has been amply demonstrated by long 
continued experience in many localities and seasons in spite of the 
numberous difficulties which have had to be overcome in this part of 
the work. 
With present methods it has been found possible in commercial 
operations to proJ uce and deliver Trichogramma to any part of North 
America at a cost varying between about 14 and 18 cents per thous-
and, according to quantity. Delivery to the planter by ordinary or 
by air mail is entirely practicable. The cost to him per acre colonized 
is approximately $1.00. 
It appears to us that the general qualities of consistency, econ-
omy and regular dependability are shown throughout the work in 
Louisiana and Barbados especially where Diatraea uccharali• is the 
principal moth species to be controlled. Up to the present time it 
appears that it will be necessary to re-colonize each season where and 
when the borer-infestation conditions indicate a need for it. This is 
true as well with all insecticid'al practice. The parasite stock may be 
released as soon as the wasps emerge or if field conditions are not 
quite ready, or climatic conditions are unfavorable, the stock may be 
placed in refrigerator and kept for a few weeks at between 40 and 
50' F. One release at the rate of about 5,000 per acre may be suffi-
cient for the season if rightly timed. In some cases a second and even 
third release may be advisable according to the conditions of borer 
egg abundance and percentage of parasitism found two weeks or 
more after the first or second colonizations. 
The benefits secured from colonization on the average may 
reasonably be expected to amount to a saving of one-third or more 
of the loss which would have been suffered under conditions of 
natural Trichogramma development. 
The demand for Trichogramma is increasing rapidly among 
Louisiana planters and commercial breeding plants are supplying the 
Louisiana strain for them. 
Trichogramma colonization tests as made in fields of corn and 
sugar cane in Louisiana during the seasons of 1927 to 1932 have 
shown consistently beneficial results in the rapid increase following 
in the rate and proportion of borer eggs destroyed. They have shown 
consistent, and regularly proportional, decreases in borer damage as 
tneasured by the percentages of joints bored, the number of emer-
gence holes found and the moth population produced per acre. They 
have shown regularly a very substantial increase in the number of 
Jnillable stalks produced, amounting to about 6000 per acre. The 
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corresponding increase in the weight of millable cane has amounted 
to more than three tons per acre. With this there has been found an 
average increase of over 20 lbs. of sugar per ton of cane produced 
in protected areas. This does not mean complete control of the borer 
and never will- but it appears to show one practicable, easily us-
able and very dependable and profitable method which may be used 
in decreasing -borer damage in Louisiana. 
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